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IN THE SPECIFICATION 
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IN THE CLAIMS 
Please amend the claims as follows: 

4. (Amended) The method according to claim 1, wherein the cell line producing 
adenovirus El protein is 293 cell derived fi-om human fetal kidney cells. 



ATTACHMENT D 



8. (Amended) The method according to claim 5, wherein the cell line producing 
recombinase and adenovirus El protein is 293 cell derived from human fetal kidney cells which 
produces the recombinase. 
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DESCRIPnON 



A Method for Constructing Recombinant Adenovlnis Vector 

~rh!s Off Heaven )sq 37/ mr/aPoc/oH^is ^kd Takj m,2cco. 

Technical Filed 

The invention of the present appKcation relates to a method for 
constructing a recombinant adenovirus vector. More specifically, the invention of 
the present application relates to a method for constructing a recombinant 
adenovirus vector which is useful for introducing genes into mammalian cells, and 
genetic engineering materials for said method. 



15 Background Art 



10 



In recent years, the Hfe science has made a long stride progress due to the 
accumulation of knowledge and the development of various technology in the 
fields of molecular biology, molecular genetics and the like, whereby a ntimber of 
m 20 information for life phenomena can now be obtained. Research and development 
are being vigorously carried out in various fieUs, and the analysis of gene 
functions has a significant weight among such research and dcvelopmenL 
Specifically, various technology for introducing an isolated gene into cells or 
organs in vivo, and vectors which are used for such technology, have been 
2S developed. 

Vectors of a number of ^pes which are used for introducing genes to a 
mammalian cell have also been developed. In recent years, vectors produced by 
utilizing virus (virus vectors) are drawing attention. Among the virus vectors, an 
30 adenovims vector, in particular, can be infected not only to dividing cells but also 
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CLAIMS 

1 . A method for constructing a recombinant adenovirus victor having a DNA 
sequence consisting of an adenovirus genome DNA and an expression cassette, 
5 which comprises: 

constructing a recombinant cosmid/adenovirus vector by inserting and 
Ugaiing a cosmid sequence having recombinase reo^nition sequences at both 
ends and the esqpression cassette into a site of the adenovirus genome DNA where 
El region or El and E3 regions are deleted; 
10 cotransfecting this recombinant cosmid/adenovirus vector and a 

recombinase-expression vector into a cell line producing adenovirus El protein; 
and 

deleting the cosmid vector sequence from the recombinant 
cosmid/ adenovirus vector in the cells . 

m 15 

:S 

111 2. Hie method according to claim 1, wherein the recombinase is Cre 

p recombinase and the recognition sequences thereof arc loxP sequences. 

lU 3. The method according to claim 1, wherein the recombinase is FLP 

Jj; 20 recombinase and the recognition sequences thereof are FRT sequences. 

^ 4, The method according to ^f^Mofdaim^ 1 wherein the cell line 

producing adenovirus El protein is 293 cell derived from hxmuia fetal kidney cells. 

25 5. A method for constructing a recombinant adenovirus victor having a DNA 
sequence consisting of an adenovirus genome DNA and an expression cassette, 
which comprises: 

constructing a recombinant cosmid/ adenovirus vector by inserting and 
ligating a cosmid sequence having recombinase recognition sequences at both 
30 ends and the expression cassette into a site of the adenovirus genome DNA where 
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El region or £1 and E3 regions are deleted: 

transfecting this recombinant cosmid/adexiovirus vector into a cell line 
producing recombinase and adenovirus El protein; and 

deleting the cosmid vector sequence firom the recombinant 
5 cosmid/adenovirus vector in the cells. 

6. The method according to daim 5, wherein the recombinase is Cre 
recombinase and the recognition sequences thereof are loxP sequences. 

10 7- The method according to daim S, herein the recombinase is FLP 
recombinase and flie recognition sequences thereof are FRT sequences. 

8. ^ The method according to .any-of daim'^ 5 wherein the cell line 

producing recombinase and adenovirus El protein is 293 cdl derived from human 
15 fetal kidney cells which produces the recombinase. 



•O 



20 



9. A cosmid/adenovirus vector, which comprises a cosmid sequence having 
recombixiase recognition sequences at both ends in a site of the adenovirus 
genome DNA where El region or El and E3 regions are deleted. 

10. The cosmid/adenovirus vector of daim 9, wdicrcin the recombinase is Cre 
recombinase and the recognition sequences thereof are loxP sequences. 



1 1- The cosmid/adenovirus vector of daim 9, wherein the recombinase is FLP 
25 recombinase and the recognition sequences thereof are FRT sequences. 

12. A 293 cell line derived from human fetal kidney cells, which produces FLP 
reccombinase. 
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DESCRIPnON 

A Method for Gonstnictiiig RecomUnaat Adettovlnis Vector 

S 

Techaical Filed 

The invention of the present application relates to a method for 
constructing a recombinant adenovirus vector. More spedficaUjr^ the invention of 
10 the present application relates to a method for constructing a recombinant 
adenovirus vector which is useful for introducing gei^ into mammalian cells, and 
genetic engineering materials for said method. 

15 Background Art 



In recent years, the life science has made a long stride progress due to the 
R| accumulation of knowledge and the development of various technology in the 

SI fields of molecular biology » molecular genetics and the like, whereby a nximber of 

20 information for life phenomena can now be obtained. Research and development 
are being vigorously carried out in various fields, and the analysis of gene 
funcdons has a significant weight among such research and development. 
Specifically, various technology for introducing an isolated gene into cells or 
organs in vivo, and vectors which are used for such technology, have been 
25 developed. 



Vectors of a number of types which are used for introducing genes to a 
mammalian cell have also been developed. In recent years, vectors produced by 
utilizing virus (virus vectors) are drawing attention. Among the virus vectors, an 
30 adenovirus vector, in particular^ can be infected not only to dividing cells but also 
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to non-dividing cells, thereby can be prepared at a high virus titer. In addition, as 
an adenovirus vector can e^q^ress the targeted gene imder the control of enhancers 
and promoters of various combinations, the medical application of the adenovirus 
vector to gene therapy have been studied. 

5 

Up to now, a nxmiber of methods of constnicting a recombinant 
adenovirus vector, such as a method of utilizing in vivo homologous recombination 
and a method by in vitro ligation, have been developed. When a recombinant 
adenovirus vector having the adenovirus genome in which the El region has been 
10 deleted is used, the introduced gene Is expressed but the infectious viral particles 
are not produced. Therefore, a recombinant adenovirus vector is utilized 
especially as a useful means for introducing genes in gene therapy or the like. 



r 2 

■ssssr 

m 
m 
m 



y 

hj Adenovirus vector has a number of advantages as compared with other 

^ 15 vims vectors, as described above. However, as the virus genome of an adenovirus 

y I 

B vector is relatively long (36 kb)» there arise some probldns, in actual construction 

of a recombinant vector, such as the complicated procedures or the low efficiency 
in construction processes. Examples of a method of constructing a recombinant 
adenovirus vector in which the El region has been replaced include a method of 
20 utilizing in vivo homologous recombination in a mammalian cell (the 293 cell, for 
example) between two plasmids (e.g«. Virology 163:614-617, 1988; Nudetc Adds 
Res. 26:3687-3693, 1998). In such a method, the fibrst plasmid indudes the 5' 
end ITR (inverted terminal repeat) of the adenovirus genome, the packaging signal, 
the taxget gene and any selected portion of the virus genome. The second 
25 plasmid includes the virus genome portion which overlaps the first plasmid and 
the remaining portion of the virus gqnome which contains the 3' end ITR. 
However, as the possibility that the homologous recombination occurs in a 
mammalian cell is quite low, in the method described above, it is necessary to 
cany out transfection of both of the plasmids to a mammalian ceU on a large scale, 

30 
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Alternatively, as another method, the COS-TPC method has been 
proposed (Proc, Natl. Acad. Sci. USA 93:1320-1324, 1996). This method includes 
the step of transfecting a maxmnalian cell with a cosmid vector containing an 
adenovirus genome of whole length together with an esqiression unit of the 
5 targeted gene, and the virus DNA-TPC (tenninal protein complex) which has been 
subjected to digestion by a restriction enzyme. In this method, by using the virus 
DNA-TPC, the target recombinant adenovirus vector can be efficiently retrieved- 
However, in the case of this method, the elimination of the parental adenovirus is 
insufficient, although a measure for preventing the parental adenovirus from 
10 appearing is taken by digesting the adenovirus genwie by the restriction enzyme, 
1^ In short, this method has a problem in temis of safety* 

o 

Q 

Id As a yet another method, there has been reported a method of 
constructing a recombinant adenovirus vector to which the Cre-loxP recombinant 

lAI 

^ 15 system is applied (J. ViroL 71:1842-1849, 1997). In this method, by the action of 

ifl 

J the Ore recombinase, a recombination between molecules (specifically, a 

O recombination between the adenovirus as the donor and the shutde plasmid 

ass s 

fy having the expression cassette) is eflEected and a recombinant adenovirus vector 

:^ can be constructed efficiently. However, in the case of this invention, donor virus 

fy 20 must be prepared and there is a possibility that the donor virus remains in the 
final virus sample. 

Further, there has been an attempt to reconstmct the whole adenovirus 
genome, in vitro, with using a cosmid vector. In this case, however, the 
complicated DNA constructing process is required prior to the transfection to a 
25 mammalian cell line, which is not practical. 

Problems to be solved by the present Invention: 

Prior to the aforementioned various reports and proposals regarding the 
method of constructing a recombinant adenovirus vector, Graham reported that, 
30 when a circular DNA constmcted by inserting a small plasmid at the restriction 
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en^nne Xba 1 site, which site exists at the one location in the El region of the 
adenovirus 5 type, is transfected to a mammalian cell line (the 293 cells), the 
circular DNA produces the infectious virus as effidentlyr as the virus DNA does 
(EMBO J, 3:2917-2922, 1984). 

5 

This report su^ests that a reonnbinant adenovirus vector can be easily 
constructed by replacing the El region or E3 region of a dxcular adenovirus DNA 
with an exogenous gene. However, when a recombinant adenovirus vector is 
actually constructed according to this method^ there arise two problems. One is 
10 the low efficiency in incorporating the expression cassette into the extremely large 
plasmid which contains the adenovirus genome DNA. The other problem is that 
the plasmid DNA portion remains in the constructed adenovirus vector. 



w 

1 5 DisdMuie of Invmtloa 



^ The invention of the present application has an object to provide a novel 

in method of easily and efficiently constructing a rccombiii^t adenovirus vector, and 

si; ■ i 

genetic engineering materials for implementing the method invention. 

m 20 

The first aspect of the present invention is a method for constructing a 
recombinant adenovirus vector having a DNA sequence consisting of an 
adenovirus genome DNA and an expression cassette, which comprises: 

constructing a recombinant cosmid/ adenovirus vector by inserting and 
25 ligating a cosmid sequence having recombinase recognition sequences at both 
ends and the expression cassette into a site of the adenovirus genome DNA where 
El region or El and E3 regions are deleted; 

cotransfecting this recombinant cosmid/ adenovirus vector and a 
recombinase-expression vector into a cell line producing adenovirus El protein; 
30 and 
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deleting the cosmid vector sequence firom the recombinant 
cosmid/adenovirus vector in the cells. 

In the method according to the first aspect of the present invention, it is 
preferable that the recombinasc is Ore iccombine^ and the recognition sequences 
thereof are loxP sequences, or the recombinase is FLP recombinase and the 
recognition sequences thereof are FRT sequences. In addition, it is preferable 
that the cell producing adenovirus El protein is 293 cell derived from human fetal 
kidney cells. 



Tlie second aspect of the present invention is a method for constructing a 
recombinant adenovirus vector having a DNA sequence consisting of an 
adenovirus genome DNA and an e3q;>res8ion cassette, which comprises: 

constructing a recombinant cosmid/adenovirus vector by inserting and 
15 . ligating a cosmid sequence having recombinase recognition sequences at both 
ends and the expression cassette into a site of the adenovirus genome DNA where 
El region or £1 and E3 regions are deleted; 

transfecting diis recombtnant cosmid/adeziovirus vector into a cell line 
producing recombinasc and adenovirus SI protein; and 
lj 20 deleting the cosmid vector sequence from the recombinant 

cosmid/adenovirus vector in the cells. 

In the method according to the second aspect of the present invention, it 
is preferable that the recombinase is Cre recombinase and the recognition 
25 sequences thereof are loxP sequences or the recombinase is FLP recombinase and 
the recognition sequences thereof are FRT sequences. In addition, it is preferable 
that the cell producing the recombinase and adenovirus El protein is the 293 cell 
derived from human fetal kidney cells which produces the recombinase. 

30 The third aspect of the present invention is a cosmid/adenovirus vector, 
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6 

which comprises a cosznid sequence having recombinase recognition sequences at 
both ends in a site of the adenovirus genome DNA where El region or El and £3 
regions are deleted. 

5 In the cosmid/ adenovirus vector of the third aspect of the present 

invention, it is preferable that the recombinase is Cre recombinase and the 
recognition sequences thereof are loxP sequences, or the recombinase is FLP 
recombinase and the recognition sequences thereof are PRT sequences. 



10 The fourth aspect of the present invention is a 293 cell line derived from 

1^ human fetal kidney cells ^^ch produce FLP recombinase. 

id Specifically^ in the aforementioned aspects of the present invention, "a 

cosmid sequence*' means a linear coamid vector sequence having recombmase 
15 recc^nition sequences in the same direction at both ends. In addition^ "a 
^ cosmid/adenovirus vector" means a circular DNA construct which comprises said 

O cosmid sequence and the adenovirus genome DNA with the deletion of the El 

pj region or El and E3 regions. Further, "a recombinant cosmid/adenovirus vector'' 

2 means a circular DNA construct produced by incorporating an expression cassette 

IV 20 into said cosmid/adenovirus vector. Yet further, '*a recombinant adenovirus 
vectcxr" means an adenovirus including a linear DNA sequence produced by 
removing the cosmid sequence firom said recombinant cosmid/adenovirus vector 
in the infectious viral particle. 



25 

Brief Description of Drawings 

Fig. 1 is a schematic view which shows structures of a cosmid/ adenovirus 
vector pALC (upper) and an expression cassette (lower) constructed in example 1. 
30 The adenovirus genome DNA of 34 kb is shown as a white ring and the direction of 
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the genome is indicated by the arrow. The cosmid vector of 7 kb is interposed by 
the loxP sequences shown hy the black triangles, and includes therein the cos site, 
the kanaxnydn resistance g^e (Kzn), the origin of replication (on) that works in 
Escherichia coli and the ampidllin resistance gene (Ap). The expression cassette 
5 consists of the CAO promoter, the mouse IL-5 cDNA» IRES, EGPP cDNA> and the 
poly(A) additional sig^ (pA). The e?q)re8sion cassette is inserted into the Swa I 
site of the pALC vector, whereby a recombinant cosmid/ adenovirus vector pALC- 
IL-5 of example 2 is constructed. 

10 Fig. 2 is a schematic view which shows the main steps of processing the 

recombinant adenovirus vector constructed in example 3. The pALC-IL-S of 
example 2 was amplified in Escherichia coli DHIOB, and the amplified pALC-IL-5 
was pxmfied. The 293 cells were transfected with the purified pALC-IL-5 and the 
pMCl-cre plasmid. The Cre recombinase, which expresses itself in a transient 
■ 15 manner, cuts out the cosmid sequence of 7 kb efficiently, whereby an infectious 
recombinant adenovirus particles containing the expression cassette of ILr5 and 
EGFP were eventually produced* 



B . s 



Its 



Fig. 3A is a schematic view which shows a structure of the recombinant 
nj 20 adenoviius vector DNA constructed in example 3. One k>xP (indicated by the 
black triangle in the drawing) of the cosmid sequence which has been removed by 
the Cre recombinase remains in the ligated structure of the adenovirus genome 
(indicated as the open bar in the drawing and the expression cassette of IL-5 and 
EOFP (indicated by the black bar in the drawing. The numbers indicated on the 

25 lower row of Fig, 3A represent the map unit (m.u.) of the adenovirus genome. The 
numbers on the upper row of Fig. 3A each represent the lengths (kb) of the 
fragments when the recombinant adenovirus vector DNA is digested with Xba L 
Fig. 3B and Fig. 3C are photographs, each showing the pattern observed when 
various DNA samples were di^sted with Xba I and subjected to electrophoresis in 

30 0,4 % (B) or 0.9 % (C) agarose geL Specifically, lane 1 and lane 2 represent the 
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virus DNA produced by cotransfecting the 293 cell line with pALC-IL-5 and pMC 1- 
cre; lane 3 rqprescnts the virus DNA produced by transfecting the 293 cell line 
with pFXjl40; and Jane 4 represmts pALC-IL-5DNA. The DNA of the lane 1 and 
that of lane 2 were each prepared from the virus stodcs which had been obtained 
5 by different transfection processes performed independent of each other. The 
cosmid sequence interposed by the loxP sites is contained in the DNA fragment of 
9.1 kb (lane 4, the black triangle). In the recombinant adenovirus DNA, no 
fragment of 9.1 kb was observed but a fragment of 2.1 kb was generated (lanes 1 
and 2, the white trian^e). The lane M represents the electrophoresis pattern of 
10 the size marker and the size thereof is indicated on the left*side end ^b). 

Figs. 4A-^D are photographs each showing the plaque formation and the 
esq^ression of EGFP in tlie vicinity of the plaque, of the recombinant adenovirus 
vector constructed by example 3. In tlie 293 cell line which had been 
%0 15 cotransfected with pALC-IL-S and pMCl-cre, plaques fomied fay the virus were 
observed (Figs. 4A and 4C), Similarly, in the 293 cell line which had been 
Q infected with the recombinant adenovirus vector, plaques were obsenred (Figs. 4B 

lu 

ifi and 4D), When the fields of the photographs A and B were observed with a 

Jif fluorescent microscope, fluorescent light emission of EGFP was confirmed (Figs, 

ly 20 4Cand4D). 



1^ 



Best Mbde for Canylaig Out the Inventloii 

25 In the methods for constructing a recombinant adenovirus vector of the 

first and the second aspects of the present invention, the cosmid/adenovirus 
vector of the third aspect of the present invention is used. In the preparation of 
the cosmid/adenovirus vector, known clones (such asijFG140 or the like used in 
the Examples) may be employed as the adenovirus genome DNA (36 kb, 

30 approximately). By treating such ^ome DNA with an appropriate restriction 
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enzyme, nuclease or the like> DNA finagmente (31-34 kb» approxiniately) with the 
deletion of the El region (2.0 kb, fiqpproMiatel^ or both El and E3 regions (3.0 kb, 
approximately) can be obtained. This DNA fragment is ligated with a cosmid 
sequence which has been cut and linearized, whereby a circular DNA construct is 
5 formed. As the resulting cosmid vector is a plasmid having the cos site of 
Escherichia coU A phage and exogenous DNA of 30-42 kb can be inserted thereto, 
the cosmid vector can accommodate the aforementioned DNA fragment of 
approximately 34 kb. The aforementioned cosmid sequence has recombinase 
recognition sequences at both ends thereof. TTie type of the recognition 
10 sequences is determined in accordance with the type of the recombinase in use. 
For example, the loxP sequence can be used when Cre recombinase is used, and 
the FRT sequence can be used when FLP recombinase is used. Specifically, the 
loxP sequence is a sequence of 34 bp and can be used by cutting it out from a 
'f\ known clone (e.g., pBS 246, which was used in the Examples, manufactured by 

S S 3 

2 IS GIBCO BRL CO. and other companies). Further, the FKT sequence can be used 

^ by cutting it out from the known done pNEO^GAL (manufactured by Stratagene 

p CO. and other companies). Yet further, it is preferaHIe that a DNA sequence 

« I having the cloning site (the restriction enzyme site) at least one site other than the 

PJ adenovirus genome DNA connection site is extended at the outer side of tlie 

Q 

m 20 recombinase recognition sequences of the cosmid sequence. 

In the aforementioned method for constructing adenovirus vector of the 
present invention, a recombinant cosmid/adenovinis vector is prepared by 
inserting and ligating the e:ng[>ression cassette containing a foreign g^ne into the 
25 circular cosmid/adenovirtis vector prq>ared as described above. The expression 
cassette is a DNA fragment comprises a promoter sequence, a foreign gene (cDNA) 
and poly(A) signal and the like. 

It should be noted that, in the methods of the first and the second aspects 
30 of the present invention, a recombinant cosmid/adenovirus vector may be 



llJ 
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produced by first connecting the coamid vector sequence with the expression 
cassette and then Ugating this structure with the adenovirus DNA fragment. 
Alternatively, a recombinant cosxnid/adcnovirus vector may be produced by first 
pnxiudng a cosmid/adenovirus vector having an expression cassette inserted 
5 thereto, the expression cassette not indudtng any foreign gene (cDNA), and then 
incorporating a foreign gene (cDNA) into the expression cassette. 

In the method according to the first aspect of the present invention, the 
recombinant cosmid/ adenovirus vector prepared as described above is then 
cotransfected, together with the recombinase-expression vector, to a cell 
producing the adenovirus El protein. As the recombinase-expression vector, the 
Cre recombinase- or the PLP recomhinase^xpression vector, for example, may be 
used. The Cre recombinase ncogjc^zw the loxP sequence and cuts out the DNA 
sequence interposed by two loxP sequences (Nudcic Acids Res. 17:147-161, 1989). 
The FLP recombinase recognizes the FRT sequence and cuts out the DNA 
sequence interposed by two FRT sequences fTeendi Genet. 9:413-421, 1993). 
Accordingly, when the recombinase expression vector as described above and the 
aforementioned recombinant cosmid/ adenovirus vector are altogether introduced 
into a host cell, the cosmid vector sequence interposed by the loxP sequences or 
the FRT sequences Of the circular DNA is cut out by the action of the recombinase, 
whereby a recombinant adenovirus vector having a linear DNA sequence 
comprising the adenovirus genome DNA and the e^>ression cassette is 
constructed. 

25 As the Cre recombinase-ejcpression vector, any suitable known done 

(such as MCI -cre plasmid employed in the Examples) may be used. As the FLP 
recombinase-expression vector, pOG44 (manufactured by Stratagene co.) or the 
like may be used. 

30 As the cell producing adenovirus El protein, the 293 cell line derived from 



RECEIVED TIMEJAN. 11 2:59AM 



FROM fi 



10 



§11 



ly 
PJ 



15 



20 



FROM mmm 



20021 im7a{«17:01/^16;57/Mf4503499172 P 13 



P 



n 



human fetal IddnQr cells can be preferably used. However, the present invention 
is not limited to this example, and HeLa cells, noimal cells or the like to which the 
El protein gqne has been introduced in advance may be used. Farther, a cell 
isolated from a traxisgenic animal to which the El protein gene has been 
S introduced may be used. 

On the other hand, in the construction method according to the second 
aspect of the present invention, \he recombinant cosmid/ adenovirus vector 
constructed as described above is transfected to a cell produdng recombinase and 
10 adenovirus El protein. Spedfically, in this method, as the host cell stably 
produces the recombinase, transfecting the host cell only with the recombinant 
cosmid/adenovirus vector effects, by the acdon of the recombinase produced by 
the host cell, cutting out of the cosmid vector sequence interposed hy the 
H recombinase recognition sequences of the circular DNA, whereby a recombinant 

I : S 

5 15 adenovirus vector having a linear DNA sequence comprising the adenovirus 
genome DNA and the expression cassette is cmstructed. As the cell producing 
recombinase and El protein, the Cre recombinase producing 293 cell line known 
by the references (J, Virol 71:1842-1849, 1997; Proc. Natl. Acad- Sci. USA, 93: 
13565-13570, 1996) or the Cre recombinase producing 293 cell line constructed 
20 by the method in the Examples described below may toe employed. In addition, 
the FLP recombinase produdng 293 cell Une ^diich is provided, as a novel product, 
aocoiding to the fiyurth aspect of the present invention may also be employed. 
Further, HeLa cells or normal cells to which the El protein gene and the 
recombinase gene have been introduced in advance, or a cell isolated from a 
25 transgenic animal to which the El protein gene and the recombinase gene have 
been introduced, may be used. 

The whole length of the recombinant adenovirus vector constructed in the 
aforementioned manner is approximately 36 kb, whi^i is substantially ttxe same 
30 as that of the wild ^e adenovirus. The recombinant adenovirus vector of the 
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present invention is highly infectious to cells of various animals. 

The 293 cell line producing PLP recombinase of the fourth aspect of the 
present invention can be constructed according to any loiown method. For 
5 example, a 293 cell line producing FLP recombinase can be constructed by first 
incorporating a DNA firagment which encodes the FLP recombinase into a 
mammalian e3q)ression vector^ and then introducing the obtained vector to the 
293 cell line. The DNA fragment which encodes the PLP recomUnase can be cut 
out, for use, from the known expression vector such as pOG44 (manufactured by 
10 Stratagene co.). As the mammalian expression vector, any suitable known vector 
1^ having a promoter, a splicing region, a poly(A) additional site and the like may be 

O used, in addition to the aforementioned vector p0044 which can be directly used, 

yj For introducing the expression vector into the 293 cell line, any suitable known 

n method such as the electroporation method, the calcium phosphate method, the 

» y 8 

15 liposome method and the DEAE dextran method can be? employed- Further, a 

m 

^ drug resistance gene (such as puromycin resistance gene) may also be 

5 incorporated into the FLP recombinase expression vector, so that such a gene 

functions as the selection marker of the cells to which the vector has been 
introduced. 



5 V 



ry 20 



Hereinafter, the present invention will be described in detail and more 
specifically by the following Examples. However, it should be noted that the 
present invention is not restricted to any of these Examples. 



25 



Bnmple 1 

Construction of a cosmid/adenovirus vector 

The cosmid vector SuperCos 1 was purchased from Stratagene co. (La 
30 Jolla, CA) and the plasmid pBS246 containii^ the loxF sequence was purchMcd 
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from GIBCO BRL co. (Rockville, MD), The Hind HI site in the region interposed by 
the loxP sites of pBS246 was changed to Xba I, and the BamH I site in the same 
region was changed to Swa I. The resulting plasmid was cut at Not so that a 
fragment of 260 bp having two loxP sites was isolated. Hiis fragment was 
5 inserted into the Not I site of the SuperCos X whose unique XhSi I site had been 
disrupted in advance, whereby the aimed cosmid vector (pLC coamid) was 
prepared. 

The adenovirus genome DNA was prepared from pFG 140. The pFG 140 
10 is a plasmid in which the whole genome of the adenovirus 5dl309 is circularized 
3^ and has a plasmid vector portion of 2.2 kb at the Xba I site in the El region 

Q thereof The El region (681-2559 bp: counted from the genomie S' end) was 

111 deleted by Bal31 nuclease, and an Xba I site was re^constructed at the site of 

n deletion. 



q 15 



5y 

m 



The adenovirus DNA whose El r^on had been deleted and tiie 
aforementioned pLC cosmid were cut at the Xba I site, respectively, and then 
ligated. The product was accommodated in the headof bacteriophage X by the ''in 
vitro" packaging, whereby a cosmid/ adenovirus vector of 41 kb (pALC cosmid) was 
20 prepared (refer to Fig. 1). 



Constructioit of a recomMbaant ooamid/adaiioviriia vector 

25 

On the downstream side of the CAG promoter (the hybrid of the 
immediate-early enhancer of cytomegalovirus and the chicken p actin promoter) 
which is known to be highly active in cells of various types, mouse interleukin 5 
(mlLrS) cDNA, IRES (Internal ribosome entiy site) derived from EMC virus and 
30 EGFP (enhanced green fluorescent protein) cDNA derived from pEOFP-NI plasmid 
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I = 



5^5 



were sequentially ligated. Then the Swa I site was added to tx>ih ends of the 
sequence, whereby a DNA firagment was prepared. This DNA fragment was 
incorporated into a vector derived from pHSG298 having resistance to kanatnydn, 
and the Swa I fragment was cut out from the recombinant vector, txHbtereby the 
5 caprcssion cassette (4.2 kb) was prepared. 

The expression cassette was insoted into the Swa I site of the pALC 
cosmid constructed in example 1. Thereafter, the product was incorporated into 
the headof bacteriophage X by the "in vitro" packaging, whereby a recombinant 
10 cosmid/adenovirus vector (pAtX:-IL-5) was prepared. The obtained vector was 
amplified on a large scale in Eschexichia coli DHIOB, piuified and then retrieved. 



3 

1 5 Conatraetion of the ncombinant adenovirus vector 



The recombinant cosmid/ adenovirus vector (pALC-IL-5) constructed in 
example 2 and the Cre recombinase^expression vector (MCl-cre plasmid) were 
HJ cotransfected to the 293 cell line derived from human fetal kidney cells whidi 

m 20 stably produce adenovirus Bl protein. MEM (Minimum Essential Medium) 
containing inactivated 10 % fetal bovine serum (FBS) was used as the culture 
medixim of the 293 cells. The cells were cultured on a petri dish or a mvdti-plate 
whose siulace had been coated with gelatin. 

One Mg of pALC-IL-5 and 0. 1 ng of MCl^crc plasmid were cotransfected to 
25 the 293 cell line cultured in a 12-wea multi-plate, using UPOPECTAMINE 
(manufactured by OIBCO BRL co,) (see Fig. 2). 

The cytopathic effect (CPE), which can be evaluated by the degree of 
plaque formation, was observed within 10 days after the cotransfectLon. ITie 
30 culture fltiid of the plate in which CPE was observed was centrifuged at 2,000 rpm 
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for 5 minutes at 4 "^C^ and the supernatant obtained by the centrifuge was added 
to the 293 ceU line cultured in a flask (having the culture surface of 75 cm^) so 
that infection was eflFectcd. After- a few days, the cells were collected from the 
flasks in which CPE was confirmed all over the culture surface. The collected 

5 ceUs were subjected to the freeang-and-thawing process six times and then 
centxifuged at 3,S00 ipm for 10 minutes at 4 "^C. Thereafter, the titer of the 
recombinant adenovirus vector contained in the obtained supernatant was 
measured. The measurement was carried out by: adding a virus suspension 
whidi had been dfluted in the serial maimer to the 293 cell line cultured on a 

10 gelatin-coated 96-well mvilti-plate; incubating the sample; observing 
presence/absence of CPE; and calculating the titer from the observed results. 

bi additioUi as a control, only pALC-IL-5 was transfected to the 293 cell 
line and the plaque fomiation was examined. 

The obtained resulte were as follows. In the case of the control in which 
the Cre recombinase was not present, no plaque was observed in any of the 293 
cells cultured in the eight wells to wbxcki the transfection was perforaied 
separatdy. This result indicates that, as the length of pALC-IL-SDNA is 45 kb 
and exceeds the Iciigdi that an infeOiOTis adtmovirus parUde can acCOmmo<late^ 
no virus was produced. On the contrary, in the case in which pALC-IL-5DNA was 
transfected together with the Cre recombinase-expression vector, CPE was 
observed, within eight days, in aU of the 293 cells planted in the ei^t wells. 
Additional experiments were carried out repeatedly for each of the control and the 
cotransfection cases. As a result, in all of the twenty-two wefls in which the Cre 
recombinase co-existed with pALC-IL-5DNA, the plaque was observed. 

From the aforementioned results, it is confirmed that the cosmid 
sequence of pALC-IL-S was cflacicntfy removed by tlie Cre recombinase which 
30 temporarily e?qpressed itself and, from the circular adenovirus vector genome of 38 
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kb containing the expression cassette, the infectiaus recombinant adenovirus 
vector was produced. 



S Bmnple4 

Analysis on viros DR A 

In order to confirm whether or not the cosmid sequence had been 
removed from the recombinant adenovirus vector constructed in example 3, the 
10 structure of DNA thereof was analyzed. 

The virus suspension was digested with 1 % SDS, 0.2 mg/xnl proteinase K 
and 10 mM EDTA at 37 for 3 hours. The digested sample was then subjected 
to phenol extraction, phenol/chlorofoim extraction and ethanol precipitation. 
15 The sample was then subjected to electrophoresis in agarose gd, and the virus 
p DNA was extracted from the gel and purified. Ihe virus DNA was digested at Xba 

P I and then subjected to electrophoresis by using 0.4 % and 0.9 % agarose get 



3 



ass 



Pig. 3 A shows the structure of the recombinant adenovirus vector genome 
20 and the Xb*t I »tc therein. The virus DNA purified from the suspension of the 
recomfaixiant adenovirus vector was digested at the Xba I site and then subjected 
to electrophoresis in 0.4 % agarose gel (Fig. 3B, lane 1 and lane 2) or in 0.9 % g^ 
(Fig. 3C, lane 1 and lane 2). The virus DNA of lane I and that of lane 2 were each 
prepared firom the cell groups which had been sutgected to the tranafection 
25 process independmtly. Thereafter, the pALC-IirSDNA was digested at the Xba I 
site and subjected to electrophoresis in a sinular maimer. The Xba I fragment 
containing the cosmid sequence interposed by the loxP sequences is identified as a 
fragment of 9.1 kb (Figs. 3B and 3C, lane 4). On the other hand, the Xba I 
fragment contained in tlie DNA of the recombinant adenovirus vector is recogni25ed 
30 as a fragment of 2.1 kb (Fig. 3C, lane 1 and lane 2). The diflference between the 
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two fragments corresponds to the coamid sequence interposed by the laxP in pALC 
(fi^proximatcly Tkb). From this result, it is confirmed that the coamid sequence 
in pALC-11^5 was efficiently removed by the transient expression of the Cre 
recombinase, and the circular adenovirus genome of 38 kb containing the 
5 e>q>rc88ion cassette which had been foxmed as a result was amplified and 
accommodated in vims particles, whereby the infectious recombinant adenovirus 
vector was produced. No DNA fragment whose size is beyond the expected range 
was observed. Accordingly, it is also confirmed that abnormal recombination 
hardly occurs in the recombinant adenovirus vector constructing process 
10 according to this method. In the case of the control in wiiich DNA of the 293 Cell 
line, to which the clone pFQ140 including the adenovirus genome had been 
O transfected» was digested at the Xba I site, each of the expected fra^nents of 34.6 

R kb, 2.2 kb and 1.3 kb was observed (F^. 3B and 3C, lane 3). 

w 

Sbounpla 8 

p Bicpfeasloii of the flsae contaliied In the ca^reaaion cassette 

IIJ In order to confinn the expression of the culture liquid of the infected 

^1 20 ceUs was retrieved and centri&iged| and the II/-5 activity in the obtained 
supernatant was invest^ated by the EUSA method. In addition, the expression 
of EGFP was investigated by the observation with a fituorescent microscope. 

In the case in which the recombinant cosmid adenovirus vector pALC-IL-S 
25 and pMCl-cre were cotransfccted to the 293 cell line, a relatively lar^ number of 
cells became EGFP positive, and as the plaque of the virus developed, a strong 
EGFP fluorescent light mission was observed in the vicinities of all of the plaques 
(Figs. 4A and 4C). 

30 Next, the suspension of the recombinant adenovirus vector constructed in 
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examine 3 was diluted, and the diluted virus vector was infected to the 293 cell 
line, whereby the plaque was formed. More then 30 plaques were studied, and it 
was confirmed that all of the plaques were surrounded by EGFP positive cells (Figs. 
4B and 40). Considering that IL-5 and EGFP are transcribed in a bicistronic 
5 manner by the CAG promoter, it is expected that the adenovirus vector which 
expresses EGFP will also express IL-5, Therefore, in order to confirm the 
expression of the virus suspension which had been diluted by the limiting 
diludon method was added to the 293 cell line cultured in a 96-well multi-plate 
and virus clones were grown separatety« In the case in whic±i ten virus clones 
10 were studied, all of the samples were EGFP positive. The IL-5 activity in the 
supernatant of the culture liquid was studied by using the EUSA method. The 
residts each showed a high vahie {> 10 |ig/ml). 

lii 

The results described above suggests that the method of the present 
^ IS invention enables production of recombinant adenovirus vector of extremely 
01 homyogeneous quali^, as well as reliable expression, by this vector, of the gone 

introduced into a mammalian cell. 



20 Etample 6 

Preparation of a 293 call Uae pMdudng the Cce rscomUaaae 



The Ore recombinase gene and the IRES (internal ribosome entry site) 
sequence derived from the EMC virus were inserted, tc^iether with the puromycin 

25 resistance gpne. into the EcoR I site of pCAGGS (Gene 108 (2): 193-199, 1991), 
whereby the Ore recombinase-cxpression plasmid pCAGGS-cre-puro was 
constructed. The obtained plasmid was transfected to the 293 cell line, which 
was cultured in a medixmi containing puromycin at 2 j^/ml. The Cre 
recombinase activity was tested by isolating the puromycin re&Lstant colonies and 

30 transfecting the 293 cell line with the reporter plasmid pCAG-CAT-Z. Specifically, 
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this reporter plaamid, in which chloramphenicol acetyl transferase (CAT) gene 
interposed by the loxP sequences is inserted between the CAG promoter and the 
lacZ gene, causes the expression of lacZ when the CAT gene is cut out fay the 
action of the Crc recombinase, and thus can be used for testing the Cre 
5 recombinase production of the 293 cell line (Biochem. Biophys. Res. Commun. 
17(2):393-40l, 1995). By this test, a ceU done 293crel5 capable of produdng 
the Cre recombinase was obtained. 



m 
m 



10 Example 7 

Construction of a recombinant adeaovims vector in the 293cfel5 

One ng/well of the recombinant cosmid/ adenovirus vector (pALC-IL-5) 
constructed in example 2 was transfected to the 293crel5 prepared in example 6. 



1^ 

?S IS AH of the transfected cells in the nine wells showed CPE, and strong EGFP was 



observed at all of the spots of CPE. 



From the results described above, it is confirmed that, by using the 293 
ftJ cell line producing the recombinase^ the recombinant adenovims vector can be 

20 efficiently constructed from the recombinant eosmld/ adenovirus vector, without 
employing the recombinase expression vector. 



Bnmple 8 

25 Preparation of 293 cell line producing the FUP xecomUnase 

The PLP recombinase gene and the IRES (internal rebosome entry site) 
sequence derived from the EMC virus were inserted, tc^ether with the puromycin 
resistance gene, into the downstream of the pgk (phosphoglyoerate kinase) 
30 promoter, whereby the FLP recombinase-exprcssion plasmid pgjk-FLP-puro was 
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us 



5^ 5 



constructed. The obtained pla^amid was transfected to the 293 odl line, which 
was cudtured in a medium containing puromydn at 2 iig/wl. The FLP 
recombinase activity was tested by isolating the puromycin resistant colonies and 
transfecting the 293 cell line with the reporter plasmid pNEX)PQAL. Specifically, 
5 this reporter plasmid, in which the neomycin resistance gene interposed by the 
FRT sequences is inserted midway of the lacZ gene located on the downstream 
side of the SV40 promoter, causes the expression of lacZ when the neomycin 
resistance gene is cut out by the action of the FLP recombinase, and thus can be 
used for testix^ the FLP recombinase production <^the 293 cell Une. By this test, 
10 a cell done 293FLP capable of producing the FLP recombinase was obtained. 

Industrial appllcabJlity 



1^ As described above in detail^ the present invention allows easily and 

^ 15 efficiently producing a recombinant adenovirus vector uiudi is infectious to a 
tP mammalian cell. In the conventional method of constructing a recombinant 

1^ adenovims vector by using homologous recombination, there is a risk that a 

recombixiant vector of unexpected type is produced and the production process 
thereof is complicated and time-constmiing. On the contrary, the method of the 
20 present invention does not necessitate such complicated prooesaes and allows 
reliable production of a recombinant vector having desired structure and function. 
Further, the method of the present invention allows production of a recombinant 
adenovirus vector by using a 293 cell line which has been used over no less than 
seventy passages, while the conventional method employing homologous 
25 recombination does not allow employing a 293 cell line which has been used more 
than 50 passages. 

Accordingly, by the method and material provided by the present 
invention, the analysis of gene function by using a mammalian cell can be 
30 facilitated. In addition, the development of a vector used for gene therapy can 
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alsobeCadlitated. 
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1. A method for constructing a recombinant adenovirus victor having a DNA 
sequence consisting of an adenovirus genome DNA and an expression cassette, 
which comprises: 

constructing a recombinant cosmid/adenovirus vectw by inserting and 
ligating a cosmid sequence having recombinase recognition sequences at bofli 
ends and the expression cassette into a site of the adenovirus genome DNA where 
El region or El and B3 regions are ddeted; 

cotransfecting this recombinant Gosmid/adenovirus vector and a 
recombinase-eiipression vector into a cell line producing adoioviius El protein; 

safe 

and 

O deleting the cosmid vector sequence from the recombinant 

y 

1^ cosmid/ adenovirus vector in the cells. 

y 15 

2. Tlie method according to claim 1, wherein the recombinase is Cre 
recombinase and the recognition sequences thereof are loxP sequences. 



ni 



10 



nj 3- The method according to daim 1, wherein the recombinase is FLP 

5 20 recombinase and the recogmtion sequences thereof are FRT aeouences, 

ry 

4. The method according to any of daims 1 to 3, wherein the cell line 
producing adenovirus E I protein is 293 cell derived from human fetal kidney cells. 

25 5. A method for constructing a recombinant adenovirus victor having a DNA 
sequence consisting of an adenovirus genome DNA and an «pression cassette, 
which comprises: 

constructing a recombinant cosmid/adenovirus vector by inserting and 
ligating a cosmid sequence having recombinase recognition sequences at both 
30 ends and the expression ca^ette into a site of the adenovirus genome DNA where 
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El region or El and E3 regions are deleted; 

transfecting this recombinant oosmid/adenovirus vector into a cell fine 
producing rccombkiase and adenovirus El protein; and 

deleting the cosmid vector sequence firom the recombinant 
5 cosmid/ adenovirus vector in the cells. 

6. The method according to daim 5, wherein the recombinase is Cre 
recombinase and the recognition sequences thereof are loxP sequences* 

10 7- The method according to daim 5, herein the recombinase is FLP 
recombinase and the recognition sequences tiiercof are FRT sequences. 



U producing recombinase and adenovirus El protein is 293 cell derived from human 



8. The method according to any of daims 5 to 7, herein the cell line 
rodudng recombinase and adenovirus El protein 
15 fetal kidney cells vAddh produces the recombinase. 



20 



9. A cosmid/adenoviras vector, whidi comprises a cosmid sequence having 
recombinase recognition sequences at both ends in a site of the adenovirus 
genome DNA where El region or El and E3 r^ons are deleted. 

10, The cosmid/adcnovirus vector of daim 9, \i4ierein the recombinase is Cre 
recombinase and the recognition sequences thereof arc loxP sequences- 



1 1, The oosmid/adenovirus vector of daim 9. wherein the recombinase is FLP 
25 recombinase and the recognition sequences thereof are FRT sequences. 

12. A 293 cell line derived ftom human fetal kidney ccHs, which produces FLP 
reccombinase. 



RECEIVED TIMEJAN. 17. 2:59AM 



FROM Sli^ff^i 



2002f im7B(*)17:04/iil6:57/M§4503499172 P 26 



24 



ABSTRACT 



A recombinant adenovirus vector comprising an adenovirus genome DNA 
and an expression cassette is produced by inserting and ligating a cosmid 

5 sequence having recombinase recognition sequences at both ends and the 
esqpression cassette into either deletion sites of the adenovirus genome DNA with 
the deletion of the £1 region or El and E3 regions to thereby construct a 
recombinant cosmid/adenovirus vector, cotransfecting this recombinant 
cosmid/adenovirus vector and a recombina3e-e9q;>ression vector into a cell line 

10 producing adenovirus El protein; and deleting the cosmid vector sequence fix>m 
the recombinant cosmid/adenovirus vector in the cells. This method makes it 




possible to conveniently and efficiently construct a recombinant adenovirus vector. 



f|5 



m 
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